Abstract-Low-energy adaptive clustering hierarchy (LEACH) protocol is studied. A cluster head optimization strategy for wireless sensor network (WSN) is proposed by using univariate marginal distribution algorithm (UMDA). The novel routing protocol is named UMDA_LEACH. It considers the overall situation in the effect of all cluster head nodes with the help of probabilistic model. By so doing, it improves the choice method of the cluster head nodes. Thus, to some extent it can find the optimal combination solutions for the cluster head nodes. Simulation results show that UMDA_LEACH has better performance than traditional LEACH protocol.
I. INTRODUCTION
With the rapid development of microelectronics technology and wireless communication technology, the research of the wireless sensor network (WSN) has been paid more and more attention. WSN consists of a certain number of smart sensors which form a multihop Ad Hoc network by radio communications in sensor field [1] [2] . It aims to apperceive under collaborative mode, gather, deal with, and send information to base station in network areas [2] . WSN has a very broad application prospects in the military and civilian fields. These sensor nodes has the characteristics of small size and limited ability to carry the information. How to use the energy effectively, reduce the average energy consumption, and extend the life cycle of sensor nodes is one of the important challenges for WSN. Typically, the clustering strategy is adopted. The nodes organize themselves into local clusters. The clustering strategy can reduce energy consumption effectively. Many energy-efficient routing protocols are designed on the basis of cluster structure.
Typical efficient routing algorithms is low-energy adaptive clustering hierarchy (LEACH), which is the earliest layer architecture routing protocol of WSN [3] . Although the clustering strategy used in LEACH can achieve a low energy consumption and long life time effect, it doesn't consider the energy level of the nodes. In the case of the node doesn't has enough energy to hold the post of cluster head, it will accelerate the death of this node. In addition, the data which is sent directly to the base station, will lead to more energy consumption on the nodes far away from the base station. By so doing, it will make some local nodes die faster. The WSN will produce the monitoring blind spots [3] [4] [5] .
In recent years, some improved algorithm were proposed to optimize LEACH. The centralized version of LEACH, LEACH-C, is a typical improved algorithm [6] . It improves the clustering and the cluster coverage on LEACH. Considering the number of neighboring nodes, the length of the network lifetime is prolonged based on the optimization of cluster distribution and the coverage rate. But LEACH-C assumes that all nodes have global knowledge of the network, which is not always available and consumes a lot of energy [6] . The TB-LEACH was presented [7] . It focuses on setting up well-distributed clusters. In addition, the AF-LEACH which is adaptive in sensor nodes, was proposed [8] . It is performed according to the cost and benefit of the data fusion. Moreover, there are some important works in recent years [9] [10] [11] [12] . Those improved algorithm can save network energy consumption to a certain extent. But they don't consider the more reasonable and effective cluster head options.
In order to overcome the above shortcoming, the improved version of LEACH is also discussed. A novel routing protocol UMDA_LEACH is presented by using UMDA, the advanced estimation of distribution algorithm. It integrates the energy level of the nodes and the distribution of the cluster head nodes. It can realize the protection of the minimum energy node in the cluster head selection.
This paper is organized as follows. In the next section, the protocol LEACH is introduced in brief. In Section III, one approach of estimation of distribution algorithm (EDA), univariate marginal distribution algorithm (UMDA), is analyzed. Then, an UMDA-based cluster head optimization strategy of wireless sensor network is presented. The schematic diagram of corresponding novel protocol UMDA_LEACH is given. In Section IV, a simulation example is illustrated to show the application and the effectiveness of the proposed algorithm. Finally, concluding remarks are presented in Section V. 
II. LOW ENERGY ADAPTIVE CLUSTERING HICRARCHY (LEACH)
A. Notions of LEACH Low-energy adaptive clustering hierarchy (LEACH) is a self-organizing, adaptive clustering protocol that uses randomization to distribute the energy load evenly among the sensors in the network [3] .
The key technologies of LEACH include algorithms for distributing cluster forming, adaptive cluster forming, and cluster header position changing. The technology of distributing cluster forming ensures self-organization of most target nodes. The adaptive cluster forming and cluster header position changing algorithms are used to share the energy dissipation fairly among all nodes and prolong the lifetime of the whole system in the end.
The operation of LEACH is broken up into several rounds. Each round begins with a set-up phase, when the clusters are organized, followed by a steady-state phase, when data transfers to the base station occur. The energy of the entire network is distributed evenly to each node. Each round contains three states:
(1) Deciding the cluster head This decision is made by the node. Each node chooses a random number between 0 and 1. If the number is less than a threshold T(n), the node becomes a cluster head for the current round. The threshold is set as:
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where P is the desired percentage of the current node that becomes the cluster heads (e.g., P=0.05), r denotes the current round, and G is the set of nodes that have not been selected as the cluster heads in the lastest 1/P rounds.
(2) Clustering The node that has been selected as the cluster head in the current round broadcasts an advertisement message to the rest of the nodes. The non-cluster-head nodes must pay close attention to their receivers to hear the advertisement messages of all the cluster head nodes during the phase of set-up. Then, each non-cluster-head node chooses a nearest cluster head and joins the cluster to which it will belong in this round. According to the number of nodes in the cluster, the cluster head node creates a TDMA schedule to tell each node when it can transmit. This schedule is broadcast to the nodes in the cluster.
(3) Transmissing Each cluster node sends information to the cluster head node it belongs to. The cluster head node receives all the data from the nodes in the cluster. When all the data has been received, the cluster head node performs signal processing functions to compress the data into a single signal. This composite signal is sent to the base station. 
B. Comment on LEACH
In LEACH, the selection of cluster head node is entirely dependent on the random number in cluster setup phase. The various parameters for the cluster head node, such as location, remaining energy, are not considered. The protocol LEACH is a typical single hop routing mode.
The cluster head node collects the information from all nodes in the cluster, and sends directly to the base station. If the cluster head node leaves farther away from the base station, the energy consumption of the data transmission will increased greatly. The remaining energy of node will be quickly reduced. The node will face faster death. The life cycle of the network will be reduced.
III. CLUSTER HEAD OPTIMIZATION STRATEGY BASED ON UMDA

A. Univariate Marginal Distribution Algorithm (UMDA)
Estimation of Distribution Algorithm (EDA) is a new paradigm for evolutionary computation. It generalizes genetic algorithms (GAs) by replacing the crossover and mutation operators by learning and sampling the probability distribution of the best individuals of the population at each iteration of the algorithm [13] . The schematic diagram of EDA and GAs can be found in Figure 2 [14] . In EDA the problem specific interactions among the variables of individuals are expressed explicitly through the joint probability distribution associated with the variables in the selected individuals [13] . EDA is better than genetics on two counts [13] . First, among researchers from various fields of artificial intelligence and statistics, there has been a growing interest in the study of EDA because of its better speed, solution quality, and reliability on harder problem instances. Second, EDA helps us understand the role of various genetic operators in creating a kind of distributed model of good solutions across the population, thereby giving a better perspective on exactly what genetics in a population is doing for us.
EDA is a competitive approach in optimization problems. This new class of algorithms has become one of the fastest growing techniques within evolutionary computation. Currently, there is considerable enthusiasm for the research and application of EDA.
In EDA, different approaches have been proposed for the estimation of probability distribution. One of the approaches is the Univariate Marginal Distribution Algorithm (UMDA) [15] . In UMDA, it supposes that all variables are independent and no structural learning is needed. Thus, only marginal probabilities are required during parameter learning. UMDA is, perhaps, the clearest representative of those EDAs models [16] .
Here, we will focus on the cluster head optimization strategy for WSN with the help of UMDA. When this algorithm is applied to the selection of cluster head, a number of temporary cluster head nodes are randomly generated in first. Then, the probability model is established for those temporary cluster head nodes. According to this model, the nodes with higher residual energy are repeatedly screened out by sampling the probability distribution. After executing algorithm, the final result is chosen as the optimal cluster head node. The specific selection algorithm described as follows [15] :
(1) Randomly generate M individuals as the initial population. Store them in D l , l=0;
(2) Select N≤M individuals from D l according to the selection method and store them in 
B. Optimization Strategy and Protocol UMDA_LEACH
Aiming at the problems existed in LEACH, a novel strategy is proposed. In clustering routing protocol, the cluster head node is an important node. It manages its cluster members to collect the data transmitted. Moreover, it integrates the data transmitted by the cluster members, and sends the data to the base station. The cluster head node consumes a lot of energy. So the choice of the cluster head nodes plays an important role in the energy consumption of network. Our improvement strategy focuses on the selection of cluster head. The protocol UMDA_LEACH estimates the probability distribution of nodes by using UMDA, and gets the optimal option of cluster head nodes finally.
The prerequisite for UMDA_LEACH is same as LEACH. That is to say, the base station holds the topology of each node.
(1) The whole area is divided into layers based on distance. The distribution of network layers is shown in Figure 3 . The number of layers is 5% of the number of nodes.
(2) The cluster head node is selected from the candidate cluster heads by the base station. Here, five head nodes will be selected randomly in every network layer.
(3) The final cluster head node is set by the base station based on UMDA.
(4) Base station broadcasts information of the cluster head node. By so doing, each node determines whether it becomes a cluster head node.
(5) The node selected as the cluster head broadcasts messages. Other nodes receive the messages. Then they choose a nearest cluster head node and join in it. After performing the above operations, the following process is same as LEACH. Figure 4 shows the schematic diagram of our proposed protocol UMDA_LEACH. 
IV. SIMNLATION RESULTS AND ANALYSIS
A. System Model
The network model and wireless communication model (radio model) under our consideration are similar with the ones used in LEACH. We assume that sensor nodes are randomly distributed in a square area of a WSN which has the following properties:
(1) All sensor nodes are no longer moved after they are deployed. Sensor nodes with limited energy can sense their own residual energy and have the same architecture. They use the direct transmission to communicate with the base station.
(2) Only one base station node without energy restriction is far away from the area of sensor nodes.
(3) Sensor nodes sense environment at a fixed rate and always send data to the base station. All sensor nodes have the function of data fusion.
(4) Sensor nodes can revise the transmission power of wireless transmitter according to the distance.
(5) The lifespan of WSN is the total amount of time before the first sensor node runs out of power.
The wireless communication model is as follows [3] :
The above two right equations of energy consumption are used to calculate the transmission cost E Tx (k, d) . The parameter E elec is the energy dissipations per bit used to run the transmitter or receiver circuitry. The parameters ε fx and ε mp are the amplifier parameters of transmission corresponding to the free-space and the two-ray models, respectively. The parameter d 0 is a threshold of transmission distance. The corresponding computing formula is as follows:
If the current distance d<d 0 , the free-space model will be employed. Otherwise, the two-ray model will be employed.
The receiving cost E Rx (k, d) of k-bit message between two nodes where their distance is d, follows a formula like this:
E Rx (k, d)=k·E elec The total energy consumption of the network is:
E total = E normalIndex _ sendToHead + E head _ receiveNormal + E head _ sendToBS + E head _ fusion where E normalIndex _ sendToHead represents the energy consumption of all the ordinary nodes to send data to their cluster head nodes, E head _ receiveNormal represents the energy consumption of all cluster head nodes to receive the data from ordinary nodes. E head _ sendToBS represents the energy consumption of all cluster head nodes to send the data to the base station. E head _ fusion represents the energy consumption of data fusion of all cluster head nodes.
B. Simulation Results and Analysis
In the following simulations, 250 nodes are randomly deployed in an area of 200m×200m. An initial energy of 1 Joules is assigned to each node. The base station locates at a point (50, 250) . If the residual energy of the node is less than 0.0001 Joules, the node dies. It assumed that the data fusion rate is 100%, and there is no packet loss in the transmission of data. There is on error rate. Table 1 shows the parameters defined in the simulation. The random 250-node network is shown in Figure 5 . Our proposed UMDA_LEACH is then used to perform the above described task. The transmission of data from every node to the base station is simulated. Table 2 shows the parameters used in UMDA.
The number of sensor nodes that remain alive after each round directly reflects the performance of the network. More nodes survived mean greater coverage, more cluster head nodes taking part in selection in every round, and longer network lifetime.
Based on the above experimental parameters, we make a comparison on these two protocols. Figure 6 shows the number of nodes that remain alive after each round for UMDA_LEACH and LEACH. This plot shows that, in two aspects of the appearance of the first died node and the lifetime of the network, UMDA_LEACH outperforms LEACH. The detailed experimental data is listed in Table 3 . By using LEACH, Table 3 shows that the nodes start to die in the 260th round, all the nodes die in the 1146th round, and the lifetime of the network ends in the 886th round. While using UMDA_LEACH, no nodes die until the 319th round, and all the nodes die in the 1325th round. It takes 1006 rounds. Here, UMDA_LEACH network has more advantages in the 22.7% delay time of the appearance of the first died node and the 15.6% survival time of the network. Those comparative data shows that the lifetime of UMDA_LEACH is longer than that of LEACH.
Finally, Table 4 shows that the average lifetime of the nodes in our simulation. UMDA_LEACH has an increase of 16.9% than LEACH. It reflects UMDA_LEACH can make better use of the energy of the nodes and reduce the energy consumption of the network.
In addition, since it takes into account the probability distribution in UMDA, UMDA_LEACH network balances the cluster distribution. Its energy dissipation is balanced and near-minimal. The protocol UMDA_LEACH is proposed to improve the selection algorithm of cluster head nodes based on UMDA. Thus the energy cost is decreased. UMDA_LEACH mainly considers the organization of the cluster head nodes under the precondition of their probability distribution. It can make full use of the limited energy of all the nodes, extend the lifetime of the network. Simulation results show that protocol UMDA_LEACH has better performance than LEACH.
